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SHAPE-SET TEXTILE STRUCTURE BASED
MECHANICAL THROMBECTOMY SYSTEMS

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application is a continuation of U.S. patent
application Ser. No. 13/952,982, filed Jul. 29, 2013, which
claims priority benefit of U.S. Provisional Patent App. No.
61/798,540, filed on Mar. 15, 2013, and the present applica-
tion claims priority benefit of U.S. Provisional Patent App.
No. 61/798,540, filed on Mar. 15, 2013.

Any and all applications for which a foreign or domestic
priority claim is identified in the Application Data Sheet as
filed with the present application are hereby incorporated by
reference under 37 C.F.R. §1.57.

FIELD

The present disclosure generally relates to devices, sys-
tems, methods for making, and methods for use in thrombec-
tomy. Several embodiments relate to systems and methods for
providing novel approaches for stroke treatment.

BACKGROUND

Stroke is the leading cause of long term disability in the
United States and the second leading cause of death world-
wide with over 4.4 million deaths in a year (1999). There are
over 795,000 new strokes every year in the United States.
Around 85% of all strokes are acute ischemic strokes caused
from a blockage in a blood vessel or a blood clot occluding a
blood vessel. In 1996, the FDA approved a thrombolytic drug
to dissolve blood clots called recombinant tissue plasmino-
gen activator (r-tpa). Despite practice guidelines from mul-
tiple national organizations stating the intravenous r-tpa is the
standard of care for patients with acute ischemic stroke within
3 hours from symptom onset, only 3-4% of patients with
acute ischemic stroke received this drug in the United States.
Unlike intravenous r-tpa, catheter-based therapies for
mechanical thrombectomy can be used for up to 8 hours or
beyond from acute ischemic stroke symptom onset and could
benefit more people. With advances in regional stroke net-
works, there are more and more stroke patients who are get-
ting access to intra-arterial thrombolysis and therapies, and
are as high as 21.6%.

SUMMARY

Blood clots can range from 5 mm to greater than 55 mm. In
addition, blood clots can extend from one vessel diameter to
another vessel diameter. There is clearly an unmet need cur-
rently for a mechanical thrombectomy device that is gentle
and safe on the fragile human blood vessels, that can be
customized to the length of the clot or clot burden using the
same device by the operator, that can be visualized with ease
under X-ray fluoroscopy, that can reach the smallest of human
blood vessels, that can be compatible with torsional rasping
of the clot, and/or have bonding zones or attachment points
that are strong even between dissimilar metals or alloys to
avoid the risk of any fracture points, as well as have flexible
delivery systems that have good proximal support and good
distal flexibility. Several embodiments of the invention pro-
vide one or more of the advantages above. In some embodi-
ments, all of the advantages above are provided.

In several embodiments, the device is particularly benefi-
cial because it includes one or more of the following advan-
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2

tages: (i) adapted for and gentle on the fragile blood vessels
instead of an expansile laser-cut stent based mechanical
thrombectomy device; (ii) tapered to mimic the tapering of
the human blood vessels thereby allowing for the use of a
single tapered device to remove blood clots extending across
different tapering blood vessel diameters; (iii) allows for flex-
ibility during deployment and retrieval in tortuous human
blood vessels thereby allowing for longer usable lengths of
the device; (iv) comprises a long usable length can be cus-
tomized to the length of the clot or the clot burden without
having to use multiple devices to remove the clot in piece
meal; (v) a textile structure based mechanical thrombectomy
device allows for torsional rasping of the textile structure
around the blood clot to entrap the clot and retrieve it; (vi)
allows for filtering distal emboli or debris that may be
released; (vii) employs processes to bond the textile structure
and the delivery system allow for bonding of dissimilar met-
als or alloys; (viii) comprises an inlay bonding approach of
the textile structure with the delivery system, which allows
for a low overall profile and outer diameter of the mechanical
thrombectomy device in the collapsed configuration to be less
than e.g., 0.0125 inches (0.317 mm); (ix) low overall profile
and outer diameter of the mechanical thrombectomy device in
the collapsed configuration allows for the device to be
deployed with a microcatheter that has an inner lumen diam-
eter of e.g., 0.014 inch or greater (0.355 mm); (x) patterns of
radio-opaque filaments or wires to achieve maximal radio-
opacity and visibility for the operator during X-ray fluoros-
copy; (xi) multiple transition points for the laser-cut delivery
system or hypotube, which allows for distal flexibility and
proximal support as well as supports the ability to perform
torsional rasping of the clot; and/or (xii) the laser-cut hypo-
tube with multiple transition points is incorporated as the core
braid for the wall of the microcatheter, which allows for distal
flexibility and proximal support for allowing the safe and
effective deployment of the textile structure based mechani-
cal thrombectomy device.

Various embodiments of the present invention are shown in
the figures and described in detail below.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a schematic diagram illustrating the 2D view of
one of the embodiments with a spherical tapered textile struc-
ture.

FIG. 2 is a schematic diagram illustrating the 3D perspec-
tive view of one of the embodiments with a spherical tapered
textile structure.

FIG. 3 is a schematic diagram illustrating the 2D view of
one of the embodiments with an oblong tapered textile struc-
ture.

FIG. 4 is a schematic diagram illustrating the 3D perspec-
tive view of one of the embodiments with an oblong tapered
textile structure.

FIG. 5 is a schematic diagram illustrating the 2D view of
one of the embodiments with a spherical and oblong inter-
spersed tapered textile structure.

FIG. 6 is a schematic diagram illustrating the 2D view of
one of the embodiments with a spherical non-tapered textile
structure.

FIG. 7 is a schematic diagram illustrating the 2D view of
one of the embodiments with an oblong non-tapered textile
structure.

FIG. 8 is a schematic diagram illustrating the 2D view of
one of the embodiments with a spherical and oblong inter-
spersed non-tapered textile structure.
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FIG. 9 is a schematic diagram illustrating the 2D view of
one of the embodiments with cylindrical wide-mouthed distal
tip textile structure.

FIG. 10 is a schematic diagram illustrating the 2D view of
one of the embodiments with a cylindrical narrow-mouthed
distal tip textile structure.

FIG. 11 is a schematic diagram illustrating the 2D view of
one of the embodiments with a cylindrical narrow-mouthed
distal tip with a spherical or oblong distal filter textile struc-
ture.

FIG. 12 is a schematic diagram illustrating the 2D view of
one of the embodiments with a cylindrical narrow-mouthed
distal tip with a spherical distal and proximal filter textile
structure.

FIG. 13 is a schematic diagram illustrating the 2D view of
one of the embodiments with a cylindrical narrow-mouthed
distal tip with an oblong distal and proximal filter textile
structure.

FIG. 14A is a schematic diagram illustrating the wires
positioned on the yarn to develop a biomedical textile struc-
ture in one of the embodiments.

FIG. 14B is a schematic diagram illustrating the braid
carrier set up mechanism for the position of the wires on the
yarn to develop a biomedical textile structure in one of the
embodiments.

FIG. 15A is a photograph illustrating the wires being
braided into a biomedical textile structure on the yarn in one
of the embodiments.

FIG. 15B is a photograph illustrating the wires being knit-
ted into a biomedical textile structure in one of the embodi-
ments.

FIG. 15C is a photograph illustrating the wires being
woven into a biomedical textile structure in one of the
embodiments.

FIG. 16 is a photograph illustrating the primary tubular
shape set textile structure in one of the embodiments.

FIG. 17 is a schematic diagram illustrating the primary
shape setting into the necessary geometries needed to develop
the shape-set textile structures in one of the embodiments.

FIG. 18 is a photograph illustrating the mandrel used for
braiding on the yarn that is then used for primary shape setting
into the necessary geometries needed in one of the embodi-
ments.

FIG. 19 is a photograph illustrating secondary shape set-
ting into the necessary geometries needed to develop the
shape-set textile structure in one of the embodiments.

FIG. 20 is an X-ray photograph illustrating one of the
embodiments where there is grouping of multiple radio-
opaque filaments or wires together to form an inter-twining
thick band for maximal radio-opacity during fluoroscopy.

FIG. 21 is an X-ray photograph illustrating single filaments
inter-twined to provide radio-opacity during fluoroscopy in
one of the embodiments.

FIG. 22 is an X-ray photograph illustrating double fila-
ments inter-twined to provide radio-opacity during fluoros-
copy in one of the embodiments.

FIG. 23 is a photograph illustrating the need for post-
processing of the free end of the textile structure to keep the
filaments or wires from fraying in one of the embodiments.

FIG. 24 is a schematic diagram illustrating the appearance
of the free end of the textile structure after laser cutting the
free end to keep the filaments or wires from fraying in one of
the embodiments.

FIG. 25 is a schematic diagram illustrating the inlay bond-
ing approach between the shape-set textile structure and the
delivery system using solder in one of the embodiments.
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FIG. 26 is a schematic diagram illustrating the overall ratio
of the cross-sectional area between the filaments or wires of
the textile structure and the bonding agent in one of the
embodiments.

FIG. 27A is a schematic diagram illustrating the inlay
bonding approach between the shape-set textile structure and
delivery system using epoxy agents in one of the embodi-
ments.

FIG. 27B is a photograph illustrating the inlay bonding
approach between the shape-set textile structure and delivery
system using epoxy agents in one of the embodiments.

FIG. 28 is a schematic diagram illustrating the inlay bond-
ing approach between the shape-set textile structure and
delivery system using a pinched ring as well as a bonding
agent in one of the embodiments.

FIG. 29 is a schematic diagram illustrating the inlay bond-
ing approach between the shape-set textile structure and
delivery system using a pinched tube as well as a bonding
agent in one of the embodiments.

FIG. 30 is a schematic diagram illustrating the overlay
bonding approach between the proximal neck of the shape-set
textile structure and the distal end of the delivery system using
solder in one of the embodiments.

FIG. 31 is a schematic diagram illustrating the overlay
bonding approach between the proximal neck of the shape-set
textile structure and the distal end of the delivery system using
epoxy in one of the embodiments.

FIG. 32 is a schematic diagram illustrating the overlay
bonding approach between the proximal neck of the shape-set
textile structure and the non-laser cut distal tip of the delivery
system using epoxy in one of the embodiments.

FIG. 33 is a schematic diagram illustrating the overlay
bonding approach between the proximal neck of the shape-set
textile structure and the distal end of the delivery system using
epoxy and heat shrink tubing in one of the embodiments.

FIG. 34 is a schematic diagram illustrating the overlay
bonding approach between the distal neck of the shape-set
textile structure and the distal end of the delivery system using
bonding agent in one of the embodiments.

FIG. 35 is a photography illustrating the angled flexible
laser-cut hypotube delivery system in one of the embodi-
ments.

FIG. 36 is a schematic diagram illustrating dimensions for
laser-cut Pattern A in one of the embodiments.

FIG. 37 is a schematic diagram illustrating dimensions for
laser-cut Pattern B in one of the embodiments.

FIG. 38 is a schematic diagram illustrating the directional
stagger of laser-cut Pattern A and Pattern B in one of the
embodiments.

FIG. 39 is a schematic diagram illustrating the interspersed
laser-cut Pattern A and B in one of the embodiments.

FIG. 40 is a schematic diagram illustrating the interspersed
laser-cut Pattern A and B with the inter-pattern stagger in one
of the embodiments.

FIG. 41 is a schematic diagram illustrating the edges of the
kerf in the angled laser-cut delivery system or hypotube are
rounded or sharp in one of the embodiments.

FIG. 42 is a schematic diagram illustrating the flexible
transition points in the laser-cut pattern of the hypotube in one
of the embodiments.

FIG. 43 is a photograph illustrating the degree of angled
laser-cut and the degree of uncut in the angled laser-cut deliv-
ery system or hypotube in one of the embodiments.

FIG. 44 is a schematic diagram illustrating the horizontal
laser-cut delivery system in one of the embodiments.
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FIG. 45 is a schematic diagram illustrating the edges of the
kerf in the horizontal laser-cut delivery system or hypotube
are rounded or sharp in one of the embodiments.

FIG. 46 is aphotograph illustrating the degree of horizontal
laser-cut and the degree of uncut in the horizontal laser-cut
delivery system or hypotube in one of the embodiments.

FIG. 47 is a schematic diagram illustrating a hybrid deliv-
ery system with the filaments or wires that are braided
together like a hypotube in one of the embodiments.

FIG. 48 is a schematic diagram illustrating a thrombus or
blood clot in the right middle cerebral artery causing an acute
ischemic stroke noted during angiography with a guide cath-
eter or a shuttle or a balloon guide catheter positioned in the
right internal carotid artery in one of the embodiments.

FIG. 49 is a schematic diagram illustrating a standard
microcatheter being advanced across the thrombus or blood
clotinthe right middle cerebral artery over a microwire in one
of the embodiments.

FIG. 50 is a photograph illustrating the shape-set textile
structure based mechanical thrombectomy device in one of
the embodiments.

DRAWINGS
Reference Numerals

Part numbers for the Figures are listed below

Part Number Description
1 Distal Tip
5 Extra small spherical bulbs (d = 3 mm)

10 Small spherical bulbs (d = 3.5 mm)

15 Medium spherical bulbs (d = 4 mm)

20 Large spherical bulbs (d = 4.5 mm)

25 Proximal Marker band

30 Delivery System/Hypotube

35 Extra small vessel segment

40 Small vessel segment

45 Medium vessel segment

50 Large vessel segment

55 Usable length

60 Proximal marker to distal tip length

65 Narrow Distal Neck

70 Wide Distal Neck

75 Extra Small oblong bulbs

80 Small oblong bulbs

85 Medium oblong bulbs

90 Large oblong bulbs

95 Narrow neck between bulbs
100 Non-tapered spherical bulbs (diameter = 1-30 mm)
105 Non-tapered oblong bulbs (diameter = 1-30 mm)
110 Proximal neck
115 Cylindrical shape-set structure
120 Distal marker band
125 Distal spherical filter (diameter = 1-30 mm)
130 Proximal spherical filter (diameter = 1-30 mm)
135 Distal oblong filter (diameter = 1-30 mm)
140 Proximal oblong filter (diameter = 1-30 mm)
145 Yarn Wheel
150 Spindle
155 Filament of textile structure
160 Preform point
165 Textile structure
170 Direction of rotation of yarn wheel
175 Cylindrical mandrel
190 Laser cut free end of the textile structure
195 Lead free solder with flux 2 or 3
200 Epoxy glue
205 Any type of bonding agent - solder, epoxy glue etc.
210 Pinched Ring
215 Pinched cylinder
220 Heat Shrink PET tube
225 Overlay bonding zone
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-continued

Part Number Description

230 Uncut bonding zone

235 Hypotube through cross-section of textile structure

240 Distal to distal overlay bonding zone

245 Kerf Width

250 Strut Width

251 Strut Width 2

252 Strut Width 3

253 Strut Width 4

255 Laser cut length

260 Anchor point distance (gap between 2 kerfs on same row)

265 Delivery system wall thickness

270 Step 1 of diagonal stagger distance between two rows of
laser cuts of the same pattern

275 Step 2 of diagonal stagger distance between two rows of
laser cuts of the same pattern

280 Direction of pattern A laser cut

285 Direction of pattern B laser cut

295 Length of delivery system

300 Inner diameter circumference of delivery system

305 Outer diameter circumference of delivery system

310 Direction of folding delivery system (Compressing
expanded view into cylindrical view of delivery system)

315 Inter-pattern stagger distance between rows

320 Laser cut pattern A

330 Laser cut pattern A and B interspersed

335 Rounded kerf edge

340 Square or sharp kerf edge

345 wires of delivery system

350 Bonding zone of textile structure to delivery system

355 bonding agent for filaments of delivery system

360 Extra small pitches (Kerf width plus strut width)

365 Small pitches (Kerf width plus strut width)

370 Medium pitches (Kerf width plus strut width)

375 Large pitches (Kerf width plus strut width)

580 Guide catheter

590 Microcatheter

600 Microwire

650 Blood clot or Clot burden

DETAILED DESCRIPTION

FIG. 1is a schematic diagram that illustrates a two-dimen-
sional front view of one of the embodiments with a spherical
tapered textile structure. It has three components in one of the
embodiments: a shape-set textile structure, a bonding zone at
the region of the proximal marker band, and a delivery system
or hypotube.

The shape-set tapered textile structure in several embodi-
ments has a distal tip, that in the expanded configuration has
an outer diameter of less than e.g., 0.017 inches (0.43 mm)
and in the collapsed configuration has an outer diameter of
less than e.g., 0.0125 inches (0.317 mm). In several embodi-
ments, the expanded configuration of the tip has a diameter in
the range of about 0.35-0.65 mm (e.g., 0.40-0.45 mm). In
several embodiments, the collapsed configuration has a diam-
eter in the range of about 0.1-0.34 mm (e.g., 0.25-0.33 mm).
In some embodiments, for larger vessels, the expanded con-
figuration has a diameter in the range of about 1-40 mm and
a diameter in the range of about 0.5-10 mm in a collapsed
configuration. In some embodiments, the ratio of the
expanded configuration to the collapsed configuration is 1.2:
1-10:1. In several embodiments, the distal neck is narrow and
has similar outer diameter in the expanded and collapsed
configuration as the distal tip. The distal neck has a length that
ranges from about 1-5 mm in one of the embodiments.

In several embodiments, there are a total of 10 spherical
bulbs in one of the embodiments with varying diameters in
the expanded configuration and in the collapsed configuration
has an outer diameter of less than e.g., 0.0125 inches (0.317
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mm). In several embodiments, the expanded configuration of
the bulbs has a diameter in the range of about 1-6 mm (e.g.,
3-4.5 mm). In several embodiments, the collapsed configu-
ration has a diameter in the range of about 0.1-0.9 mm (e.g.,
0.25-0.5 mm). In some embodiments, for larger vessels, the
expanded configuration has a diameter in the range of about
5-40 mm and a diameter in the range of about 0.5-5 mm in a
collapsed configuration. In some embodiments, the ratio of
the expanded configuration to the collapsed configuration is
1.2:1-10:1.

In some embodiments, the varying outer diameters of the
10 spherical bulbs in the expanded configuration are as fol-
lows in one of the embodiments: The distal three extra-small
spherical bulbs have an outer diameter (e.g., d=3 mm) in the
expanded configuration and corresponds to the extra-small
vessel segments such as the M2 segments of the middle cere-
bral artery, the next three small spherical bulbs have an outer
diameter (e.g., d=3.5 mm) in the expanded configuration and
corresponds to the smaller vessel segments such as the distal
M1 segment of the middle cerebral artery, the next two
medium spherical bulbs have an outer diameter (e.g., d=4
mm) in the expanded configuration and corresponds to the
medium vessel segments such as the proximal M1 segment of
the middle cerebral artery, and the proximal two large spheri-
cal bulbs have an outer diameter (d=4.5 mm) in the expanded
configuration that corresponds to the large vessel segments
such as the distal supra-clinoid segment of the internal carotid
artery. This tapered configuration of the shape-set textile
structure allows for adequate and safe deployment of the
device across blood vessels with multiple diameters.
Although specific diameter numbers are provided in this
paragraph, other embodiments include diameters that are
+/-5, 10, 15, or 20%.

In some embodiments, 10 bulbs are used. However, in
other embodiments, 1-9 bulbs or 11-30 (or more) bulbs may
be used. In some embodiments, 5,6,7,8,9,10,11, 12, 13,14,
15,16,17,18,19 or 20 bulbs are used. In some conditions, for
example in the leg, where clots can be up 20-40 cm, 40-60
bulbs may be used. In some embodiments, 1 bulb is used for
every 0.2-5 cm (e.g., about 0.5-2 cm).

In several embodiments, bulbs of various sizes and/or
shapes are provided on a single elongate support structure
(such as a neck, tube, spindle, spine, rod, backbone, etc.). The
elongate support structure may be hollow, filled or partially
hollow. The elongate support structure may have a length in
the range of about 1-20 cm (e.g., about 4-8 cm, 5-10 cm, etc).
In larger vessels (e.g., outside the brain) the length can be
about 20-50 cm. The diameter or width of the elongate sup-
port structure is in the range of about 0.35-0.65 mm (e.g.,
0.40-0.45 mm) in an expanded configuration and in the range
of about 0.1-0.34 mm (e.g., 0.25-0.33 mm) in the collapsed
configuration. In some embodiments, for larger vessels, the
expanded configuration of the elongate support structure has
a diameter in the range of about 1-40 mm (e.g., 5-20 mm) and
a diameter in the range of about 0.5-10 mm (e.g., 1-2 mm) in
a collapsed configuration. Wall thickness of the elongate sup-
port structure are, in some embodiments, ranges from about
0.01-4 mm (e.g., about 0.02-1 mm 0.02-0.05 mm, e.g., 0.025
mm). The elongate support structure may be braided, knitted
or weaved with two or more strands (e.g., about 12-120
strands, 12-96 strands, 48 strands) in some embodiments. The
pattern, in some embodiments, is one-over-one-under-two,
one-over-one-under-one, two-over-two-under-two, etc. In
some embodiments, the braid angle is in the range of about
45-179 degrees (e.g., about 130-160 degrees, 151 degrees).
The picks (or pixels) per inch (PPI) range from about 50-300
PPI (e.g., about 150-190 PPI, e.g., 171 PPI). In some embodi-
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ments, increased outward expansile force and/or compres-
sion resistance is provided by a higher braid angle and/or
higher PPI. In some embodiments, the force/resistance (e.g.,
radial force) is in a range sufficient to expand a target vessel in
the range of about 0%-30%. In some embodiments, the total
diameter size of the treatment device is 0.5 mm-1.5 mm
greater than the target vessel diameter. In some embodiments,
the total diameter size of the treatment device is oversized by
10-50% with respect to the target vessel diameter. The elon-
gate support structure may be made of shape memory alloys
(e.g., nickel titanium). In some embodiments, the elongate
support structure is about 50-95% (e.g., 75%) nickel titanium
and about 5-50% (e.g., 25%) platinum iridium or platinum
tungsten or combinations thereof. The radio-opaque portions
can be spaced or clustered to increase visibility under x-ray.
For example, a thick band pattern may be used which can
include 1-12 radio-opaque strands (e.g., filaments, wires,
etc.) that are wound adjacently with one another. In several
embodiments, the bulbs are integral with the elongate support
structure. In other embodiments, the bulbs are coupled (fix-
ably or reversibly coupled) to the elongate support structure.

For example, bulbs size (with respect to the outer diameter
in an expanded configuration) is about 0.5-3 mm (e.g., 3 mm),
about 3.1-3.9 mm (e.g., 3.5 mm), about 4-4.4 mm (e.g., 4
mm), and about 4.5-7.5 mm (e.g., 4.5 mm) are provided. In
some embodiments, the bulbs are sized in the range of about
1 mm-80 mm (e.g., 2 mm-12 mm). Bulbs in range 0f4-10 mm
may be particular beneficial for larger clots and/or vessels
(e.g., in the leg). The sizes above are reduced by 1.3-10 times
in the collapsed configuration. In some embodiments, the
collapsed configuration of the bulbs is about 50-80% of the
inner diameter of the delivery catheter (e.g., microcatheter).
In some embodiments, each consecutive bulb is larger than
the other. In other embodiments, two sizes are used in an
alternate pattern. In yet other embodiments, three or more
sizes are used in a series, and each series is repeated two,
three, four, five, six, seven, or more times. As an example, if
a series of three sizes is alternated, twenty-one bulbs are used.
In some embodiments, larger bulbs may be used at the ends,
while smaller bulbs are used in the middle. Bulbs may be
smaller at the ends and larger in the middle.

Various bulb shapes may be used according to several
embodiments, including spherical, oblong, egg, and elliptical
(e.g., with respect to top view, side-view and/or cross-sec-
tion). Square, rectangular and diamond-shapes (e.g., with
respect to top view, side-view and/or cross-section) are used
in some embodiments. Spiral, twisted, or helical bulbs are
provided in some embodiments. For example, sphere-like
bulbs and oblong bulbs may be used in a single strand. In
some embodiments, shapes are alternated. In yet other
embodiments, three or more shapes are used in a series, and
each series is repeated two, three, four, five, six, seven, or
more times. In some embodiments, bulbs of a first shape may
be used at the ends, while bulbs of a second shape are used in
the middle. Bulbs may be a first shape at the ends and a second
shape in the middle, or vice versa.

The positioning of the bulbs may be beneficial for certain
vessel sizes and/or clot locations, material, and/or sizes.
Bulbs may be touching (e.g., contiguous) or non-touching. A
single strand may include bulbs that are both touching and
non-touching. In several embodiments, a strand includes
bulbs that are all non-touching and/or are spaced apart by one
or more spacers. These spacers may be of the same or differ-
ent material than the bulbs. The spacers may also be shaped
differently than the bulbs. The spacers may comprise, be
embedded with or coated by markers or other visualization
aids (such as radio-opaque portions).
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The bulbs may be separated by distances of about 0.1 to 50
mm, including, but not limited to, about 0.5-1, 1-2, 2-3, 3-4,
4-5, 5-8, 8-10, 10-12, 12-15, 15-25, 25-35, and 35-50 mm
apart, including overlapping ranges thereof. The spaces
between all the bulbs in one strand may be constant. Alterna-
tively, the spacing between two or more (or all) of the bulbs
may be different. In some embodiments, some bulbs are
spaced the same distance from one another, while other bulbs
have different spacing.

FIG. 2 is a schematic diagram illustrating the 3D perspec-
tive view of one of the embodiments with a spherical tapered
textile structure.

FIG. 3 is a schematic diagram illustrating the 2D view of
one of the embodiments with an oblong tapered textile struc-
ture.

FIG. 4 is a schematic diagram illustrating the 3D perspec-
tive view of one of the embodiments with an oblong tapered
textile structure.

FIG. 5 is a schematic diagram illustrating the 2D view of
one of the embodiments with a spherical and oblong inter-
spersed tapered textile structure.

FIG. 6 is a schematic diagram illustrating the 2D view of
one of the embodiments with a spherical non-tapered textile
structure.

FIG. 7 is a schematic diagram illustrating the 2D view of
one of the embodiments with an oblong non-tapered textile
structure.

FIG. 8 is a schematic diagram illustrating the 2D view of
one of the embodiments with a spherical and oblong inter-
spersed non-tapered textile structure.

FIG. 9 is a schematic diagram illustrating the 2D view of
one of the embodiments with cylindrical wide-mouthed distal
tip textile structure.

FIG. 10 is a schematic diagram illustrating the 2D view of
one of the embodiments with a cylindrical narrow-mouthed
distal tip textile structure.

FIG. 11 is a schematic diagram illustrating the 2D view of
one of the embodiments with a cylindrical narrow-mouthed
distal tip with a spherical or oblong distal filter textile struc-
ture.

FIG. 12 is a schematic diagram illustrating the 2D view of
one of the embodiments with a cylindrical narrow-mouthed
distal tip with a spherical distal and proximal filter textile
structure.

FIG. 13 is a schematic diagram illustrating the 2D view of
one of the embodiments with a cylindrical narrow-mouthed
distal tip with an oblong distal and proximal filter textile
structure.

FIG. 14A is a schematic diagram illustrating the wires
positioned on the yarn to develop a biomedical textile struc-
ture in one of the embodiments.

FIG. 14B is a schematic diagram illustrating the braid
carrier set up mechanism for the position of the wires on the
yarn to develop a biomedical textile structure in one of the
embodiments.

FIG. 15A is a photograph illustrating the wires being
braided into a biomedical textile structure on the yarn in one
of'the embodiments. FIG. 15B is a photograph illustrating the
wires being knitted into a biomedical textile structure in one
of'the embodiments. FIG. 15C is a photograph illustrating the
wires being woven into a biomedical textile structure in one of
the embodiments.

FIG. 16 is a photograph illustrating the primary tubular
shape set textile structure in one of the embodiments.

FIG. 17 is a schematic diagram illustrating the primary
shape setting into the necessary geometries needed to develop
the shape-set textile structures in one of the embodiments.
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FIG. 18 is a photograph illustrating the mandrel used for
braiding on the yarn that is then used for primary shape setting
into the necessary geometries needed in one of the embodi-
ments.

FIG. 19 is a photograph illustrating secondary shape set-
ting into the necessary geometries needed to develop the
shape-set textile structure in one of the embodiments.

FIG. 20 is an X-ray photograph illustrating one of the
embodiments where there is grouping of multiple radio-
opaque filaments or wires together to form an inter-twining
thick band for maximal radio-opacity during fluoroscopy.

Radio-opaque materials, metals or alloys, including but not
limited to iridium, platinum, tantalum, gold, palladium, tung-
sten, tin, silver, titanium, nickel, zirconium, rhenium, bis-
muth, molybdenum, or combinations of the above etc. to
enable visibility during interventional procedures.

FIG. 21 is an X-ray photograph illustrating single filaments
inter-twined to provide radio-opacity during fluoroscopy in
one of the embodiments.

FIG. 22 is an X-ray photograph illustrating double fila-
ments inter-twined to provide radio-opacity during fluoros-
copy in one of the embodiments.

FIG. 23 is a photograph illustrating the need for post-
processing of the free end of the textile structure to keep the
filaments or wires from fraying in one of the embodiments.
Post-processing of the free end of the textile structure (e.g.,
the elongate support structure and the bulbs) in some of the
embodiments includes dip coating, spray coating, sandwich
welding the free end using radio-opaque marker bands.
Radio-opaque marker band materials, metals or alloys,
including but not limited to iridium, platinum, tantalum, gold,
palladium, tungsten, tin, silver, titanium, nickel, zirconium,
rhenium, bismuth, molybdenum, or combinations of the
above etc. to enable visibility during interventional proce-
dures. In some of the embodiments, radio-opaque marker
bands can be sandwich welded to the free end of the textile
structure (e.g., the elongate support structure and the bulbs),
butt welded to the distal end of the delivery system/hypotube,
bonded or soldered to the delivery system or hypotube at
regular intervals or laser welded into the kerfs created in the
laser cut pattern at regular intervals to help measure a clot
length, such radio-opaque markers at regular intervals may be
separated by distances of about 0.1 to 50 mm, including, but
not limited to, about 0.5-1, 1-2, 2-3,3-4, 4-5, 5-8, 8-10,10-12,
12-15, 15-25, 25-35, and 35-50 mm apart, including overlap-
ping ranges thereof.

The dip coating or spray coating may comprise a biomedi-
cal polymer, e.g., silicone, polyurethane, polyethylene (Rex-
ell™ made by Huntsman), polypropylene, polyester
(Hytril™ made by Dupont), poly tetra fluoro-ethylene
(PTFE), polyvinyl chloride (PVC), polyamides (Durethan™
made by Bayer), polycarbonate (Corethane™ made by Cor-
vita Corp), or polyethylene-terephthalate. The dip coating or
spray coating may further comprise a radio-opaque material,
e.g., particles of tantalum, particles of gold, other radio-
opaque agents, e.g., barium sulfate, tungsten powder, bismuth
subcarbonate, bismuth oxychloride, iodine containing agents
such as iohexol (Omnipaque™ Amersham Health).

FIG. 24 is a schematic diagram illustrating the appearance
of the free end of the textile structure (e.g., the elongate
support structure and the bulbs) after laser cutting the free end
to keep the filaments or wires from fraying in one of the
embodiments.

FIG. 25 is a schematic diagram illustrating the inlay bond-
ing approach between the shape-set textile structure (e.g., the
elongate support structure and the bulbs) and the delivery
system (e.g., a hypotube, wire or multi-filament hybrid) using



US 9,179,931 B2

11

solder in one of the embodiments. The solder may be a silver-
based lead free solder in some embodiments. The shape-set
textile structure may be substantially or fully oxide free when
bonding the shape-set textile structure to the delivery system
when using such solder.

FIG. 26 is a schematic diagram illustrating the overall ratio
of the cross-sectional area between the filaments or wires of
the textile structure (e.g., the elongate support structure and
the bulbs) and the bonding agent in one of the embodiments.

FIG. 27A is a schematic diagram illustrating the inlay
bonding approach between the shape-set textile structure and
delivery system using epoxy agents in one of the embodi-
ments. FIG. 27B is a photograph illustrating the inlay bond-
ing approach between the shape-set textile structure and
delivery system using epoxy agents in one of the embodi-
ments.

FIG. 28 is a schematic diagram illustrating the inlay bond-
ing approach between the shape-set textile structure (e.g., the
elongate support structure and the bulbs) and delivery system
using a pinched ring as well as a bonding agent in one of the
embodiments.

FIG. 29 is a schematic diagram illustrating the inlay bond-
ing approach between the shape-set textile structure (e.g., the
elongate support structure and the bulbs) and delivery system
(e.g., a hypotube, wire or multi-filament hybrid) using a
pinched tube as well as a bonding agent in one of the embodi-
ments. In some of the embodiments, inlay bonding approach
includes laser welding, laser butt welding, laser rivet welding,
and mechanical crimping of a flared distal end of the hypo-
tube on the inlayed proximal neck of the textile structure (e.g.,
the elongate support structure and the bulbs).

FIG. 30 is a schematic diagram illustrating the overlay
bonding approach between the proximal neck of the shape-set
textile structure (e.g., the elongate support structure and the
bulbs) and the distal end of the delivery system (e.g., a hypo-
tube, wire or multi-filament hybrid) using solder in one of the
embodiments.

FIG. 31 is a schematic diagram illustrating the overlay
bonding approach between the proximal neck of the shape-set
textile structure (e.g., the elongate support structure and the
bulbs) and the distal end of the delivery system (e.g., a hypo-
tube, wire or multi-filament hybrid) using epoxy in one of the
embodiments.

FIG. 32 is a schematic diagram illustrating the overlay
bonding approach between the proximal neck of the shape-set
textile structure (e.g., the elongate support structure and the
bulbs) and the non-laser cut distal tip of the delivery system
(e.g., ahypotube, wire or multi-filament hybrid) using epoxy
in one of the embodiments.

FIG. 33 is a schematic diagram illustrating the overlay
bonding approach between the proximal neck of the shape-set
textile structure (e.g., the elongate support structure and the
bulbs) and the distal end of the delivery system (e.g., a hypo-
tube, wire or multi-filament hybrid) using epoxy and heat
shrink tubing in one of the embodiments.

FIG. 34 is a schematic diagram illustrating the overlay
bonding approach between the distal neck of the shape-set
textile structure (e.g., the elongate support structure and the
bulbs) and the distal end of the delivery system (e.g., a hypo-
tube, wire or multi-filament hybrid) using bonding agent in
one of the embodiments. In some of the embodiments, over-
lay bonding approach includes laser welding, laser butt weld-
ing, laser rivet welding, and mechanical crimping of a flared
distal end of the hypotube on the inlayed proximal neck ofthe
textile structure (e.g., the elongate support structure and the
bulbs).
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FIG. 35 is a photography illustrating the angled flexible
laser-cut hypotube delivery system in one of the embodi-
ments.

Various components (e.g., the elongate support structure,
the bulbs, the sheath or the delivery system such as the hypo-
tube) may be made up of materials that are biocompatible or
surface treated to produce biocompatibility. Suitable materi-
als include e.g., platinum, titanium, nickel, chromium, cobalt,
tantalum, tungsten, iron, manganese, molybdenum, and
alloys thereof including nitinol, chromium cobalt, stainless
steel, etc. Suitable materials also include combinations of
metals and alloys. Suitable materials also include polymers
such as polylactic acid (PLA), polyglycolic acid (PGA), poly-
clycoloc-lactic acid (PLGA), polycaprolactone (PCL), poly-
orthoesters, polyanhydrides, and copolymers thereof. In
some embodiments, the thrombectomy device is made of
nitinol and platinum tungsten.

FIG. 36 is a schematic diagram illustrating dimensions for
laser-cut Pattern A in one of the embodiments.

FIG. 37 is a schematic diagram illustrating dimensions for
laser-cut Pattern B in one of the embodiments.

FIG. 38 is a schematic diagram illustrating the directional
stagger of laser-cut Pattern A and Pattern B in one of the
embodiments.

FIG. 39 is a schematic diagram illustrating the interspersed
laser-cut Pattern A and B in one of the embodiments.

FIG. 40 is a schematic diagram illustrating the interspersed
laser-cut Pattern A and B with the inter-pattern stagger in one
of the embodiments.

FIG. 41 is a schematic diagram illustrating the edges of the
kerf in the angled laser-cut delivery system or hypotube are
rounded or sharp in one of the embodiments.

FIG. 42 is a schematic diagram illustrating the flexible
transition points in the laser-cut pattern of the hypotube in one
of the embodiments.

FIG. 43 is a photograph illustrating the degree of angled
laser-cut and the degree of uncut in the angled laser-cut deliv-
ery system or hypotube in one of the embodiments.

FIG. 44 is a schematic diagram illustrating the horizontal
laser-cut delivery system in one of the embodiments.

FIG. 45 is a schematic diagram illustrating the edges of the
kerf in the horizontal laser-cut delivery system or hypotube
are rounded or sharp in one of the embodiments.

FIG. 46 is a photograph illustrating the degree of horizontal
laser-cut and the degree of uncut in the horizontal laser-cut
delivery system or hypotube in one of the embodiments.

FIG. 47 is a schematic diagram illustrating a hybrid deliv-
ery system with the filaments or wires that are braided
together like a hypotube in one of the embodiments.

FIG. 48 is a schematic diagram illustrating a thrombus or
blood clot in the right middle cerebral artery causing an acute
ischemic stroke noted during angiography with a guide cath-
eter or a shuttle or a balloon guide catheter positioned in the
right internal carotid artery in one of the embodiments.

FIG. 49 is a schematic diagram illustrating a catheter (e.g.,
microcatheter) being advanced across the thrombus or blood
clotinthe right middle cerebral artery over a microwire in one
of the embodiments. The microwire is then removed and the
mechanical thrombectomy device is advanced through the
hub of the microcatheter via an introducer sheath that is
protective encasing for the flexible delivery system. In several
embodiments, the catheter (e.g., microcatheter) is reinforced
with the laser cut hypotube so as to, in one embodiment,
inherit the maneuverability advantages of the hypotube (e.g.,
to facilitate proximal support and distal flexibility). In some
embodiments, a catheter with varying pitches is used. For
example, the pitch from the distal end to the proximal end



US 9,179,931 B2

13

varies as follows: about 0.005 inch, 0.01 inch, 0.02 inch, 0.04
inch, 0.08 inch and 0.16 inch. In some embodiments, the pitch
from the distal end to the proximal end varies as follows:
about 0.005 inch for the distal most 20%, 0.01 inch for the
next 15%, 0.02 inch for the next 15%, 0.04 inch for the next
15%, 0.08 inch for the next 15%, and 0.16 inch for the next (or
proximal-most) 20%.

The introducer sheath may comprise a biomedical poly-
mer, e.g., silicone, polyurethane, polyethylene (Rexell™
made by Huntsman), polypropylene, polyester (Hytril™
made by Dupont), poly tetra fluoro-ethylene (PTFE), polyvi-
nyl chloride (PVC), polyamides (Durethan™ made by
Bayer), polycarbonate (Corethane™ made by Corvita Corp),
or polyethylene-terephthalate. Combinations of two or more
of these materials may also be used.

The microcatheter may comprise a biomedical polymer,
e.g., silicone, polyurethane, polyethylene (Rexell™ made by
Huntsman), polypropylene, polyester (Hytril™ made by
Dupont), poly tetra fluoro-ethylene (PTFE), polyvinyl chlo-
ride (PVC), polyamides (Durethan™ made by Bayer), poly-
carbonate (Corethane™ made by Corvita Corp), or polyeth-
ylene-terephthalate. Combinations of two or more of these
materials may also be used.

FIG. 50 is a photograph illustrating the shape-set textile
structure based mechanical thrombectomy device in one of
the embodiments.

In several embodiments, the devices described herein can
be used in the brain. In some embodiments, vasculature in the
periphery can be treated. In some embodiments, coronary
vessels are treated. Abdominal aorta and branches are treated
in several embodiments.

In some embodiments, a subject having a clot is identified.
An access catheter is advanced over a guidewire to a vessel
proximate or containing the clot. The guidewire may be
removed at this stage. A microcatheter is advanced over a
microwire, but stop before or at the clot. The microwire then
crosses the clotby 0.5-5 mm (e.g., slices through the center of
the clot). The microcatheter is then advanced over the
microwire to cross the clot. The microwire is then removed or
retracted. The thrombectomy device (the elongate support
structure with the bulbs bonded to a delivery system, such as
a hypotube, wire or multi-filament wire/hypotube device), as
disclosed in several embodiments herein is positioned within
an introducer sheath, and together are advanced through the
hub of the microcatheter. The thrombectomy device is then
advanced through the microcatheter, and the introducer
sheath is removed. The thrombectomy device is advanced
until it is at the tip of the microcatheter (which is beyond the
clot). The thrombectomy device is kept in position, and the
microcatheter is retracted (e.g., unsleeved, unsheathed) until
the thrombectomy device is expanded. The length of retrac-
tion is related to length of the clot in one embodiment (e.g.,
the microcatheter is retracted to or before the proximal end of
the clot). The thrombectomy device is torqued (e.g., in a
counterclockwise motion) to facilitate torsional rasping (e.g.,
rotationally scraping), thereby allowing the bulb(s) to entrap
the clot, and collect any debris (emboli). The sticky portions
of'the clot, which can be attached to the endothelium wall, can
be removed by the torquing motion. The non-laser cut braided
nature of the bulbs facilaite gentle entrapment of the clot
without perforating the blood vessel. In one embodiment, a
360 degree rotation on the proximal end results in a distal
rotation that is less than 360 degrees (e.g., 90-180 degrees). In
several embodiments, the rotational force from the proximal
end to the distal is not 1:1. Instead the ratio is 1:0.75, 1:0.5 or
1:0.25. This non-1:1 ratio, in some embodiments, is benefi-
cial because it provides a gentle rotation that reduces the risk
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that the blood vessel is rotated, displaced, disrupted or perfo-
rated. In several embodiments, if one bulb cannot fully entrap
the clot, another bulb (whether it is the same or different in
size and/or shape) will be able to further entrap the clot. In
some embodiments, the undulations (e.g., the hills and val-
leys created by the bulbs and support structure) facilitate clot
entrapment. Undulation is also provided at a micro level by
the braiding pattern. This dual-undulating pattern enhances
scraping and entrapment in several embodiments. The clot,
once entrapped or captured by the bulbs, can then be removed
as the thrombectomy device is removed from the subject. The
thrombectomy device is removed as follows in some embodi-
ments: the microcatheter and the delivery system (e.g., hypo-
tube) are retracted into the tip of the guide catheter while
negative suction is applied (e.g., with a syringe) at the level of
the guide catheter and also while the microcatheter is
retracted at a similar rate such that the microcatheter does not
generally recapture any expanded portion of the thrombec-
tomy device or expand (or expose) additional portions of the
thrombectomy device. In other words, unexpanded bulbs
remain unexpanded and expanded bulbs remain expanded
until they are retracted into the guide catheter. Suction can be
applied for about 5-30 seconds using a 30-90 cc syringe. The
steps above need not be performed in the order recited.

The following references are herein incorporated by refer-
ence: (1) Sarti C, Rastenyte D, Cepaitis Z, Tuomilehto J.
International trends in mortality from stroke, 1968 to 1994.
Stroke. 2000; 31:1588-1601; (2) Wolf P A, D’ Agostino R B.
Epidemiology of Stroke. In: Barnett HJ M, Mohr J P, Stein B
M, Yatsu F, eds. Stroke: Pathophysiology, Diagnosis, and
Management. 3rd ed. New York, N.Y.: Churchill Livingstone;
1998:6-7; (3) Adams H P, Jr., Adams R I, Brott T, del Zoppo
G J, Furlan A, Goldstein I B, Grubb R L, Higashida R,
Kidwell C, Kwiatkowski T G, Marler ] R, Hademenos G J.
Guidelines for the early management of patients with
ischemic stroke: A scientific statement from the Stroke Coun-
cil of the American Stroke Association. Stroke. 2003;
34:1056-1083; (4) Rymer M M, Thrutchley D E. Organizing
regional networks to increase acute stroke intervention. Neu-
rol Res. 2005; 27:59-16; and (5) Furlan A, Higashida R,
Wechsler L, Gent M, Rowley H, Kase C, Pessin M, Ahuj a A,
Callahan F, Clark W M, Silver F, Rivera F. Intra-arterial
prourokinase for acute ischemic stroke. The PROACT II
study: a randomized controlled trial. Prolyse in Acute Cere-
bral Thromboembolism. Jama. 1999; 282:2003-2011.

While the invention is susceptible to various modifications,
and alternative forms, specific examples thereof have been
shown in the drawings and are herein described in detail. It
should be understood, however, that the invention is not to be
limited to the particular forms or methods disclosed, but to the
contrary, the invention is to cover all modifications, equiva-
lents and alternatives falling within the spirit and scope of the
various embodiments described and the appended claims.
The ranges disclosed herein also encompass any and all over-
lap, sub-ranges, and combinations thereof. Language such as
“up to,” “at least,” “greater than,” “less than,” “between,” and
the like includes the number recited. Numbers preceded by a
term such as “about” or “approximately” include the recited
numbers. For example, “about 3 mm” includes “3 mm.”

What is claimed is:

1. A thrombectomy device comprising:

an elongate support structure comprising a plurality of

shape-memory and radiopaque wires woven to form a

textile fabric having a collapsed state and an expanded

state, the elongate support structure comprising:

aplurality of self-expanding generally spherical bulbs in
the expanded state comprising:
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a first bulb;

a second bulb distal to the first bulb, the first bulb and
the second bulb having a first diameter;

a third bulb distal to the second bulb;

a fourth bulb distal to the third bulb, the third bulb and
the fourth bulb having a second diameter smaller
than the first diameter;

a fifth bulb distal to the fourth bulb;

a sixth bulb distal to the fifth bulb;

a seventh bulb distal to the sixth bulb, the fifth bulb,
the sixth bulb, and the seventh bulb having a third
diameter smaller than the second diameter;

an eighth bulb distal to the seventh bulb;

a ninth bulb distal to the eighth bulb; and

a tenth bulb distal to the ninth bulb, the eighth bulb,
the ninth bulb, and the tenth bulb having a fourth
diameter smaller than the third diameter,

necks longitudinally between and radially inward of the
self-expanding bulbs, and

adistal neck distal to and radially inward of a distal-most
bulb of the self-expanding bulbs, the distal neck com-
prising a coated distal end;

a delivery system comprising a hypotube comprising two
longitudinally interspersed and circumferentially stag-
gered cut patterns, the cut patterns each comprising a
plurality of rows each comprising two longitudinally-
spaced kerfs angled with respect to a longitudinal axis of
the hypotube and comprising rounded edges, wherein a
longitudinally-spacing of the kerfs varies along the
hypotube; and

abonding zone where the delivery system is coupled to the
elongate support structure, the bonding zone comprising
a radiopaque marker band.

2. The device of claim 1, wherein an outer diameter of the
elongate support structure in the collapsed state is less than
about 0.0125 inches.

3. The device of claim 1, wherein an outer diameter of the
elongate support structure in the collapsed state is in a range
of about 0.1-0.9 mm.

4. The device of claim 1, wherein the first diameter is about
4.5 mm, the second diameter is about 4 mm, the third diam-
eter is about 3.5 mm, and the fourth diameter is about 3 mm.

5. A thrombectomy device comprising:

an elongate support structure comprising a plurality of
wires woven to form a textile fabric having a collapsed
state and an expanded state, the elongate support struc-
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ture comprising a plurality of longitudinally-spaced
self-expanding bulbs in the expanded state, wherein the
plurality of bulbs comprises five to ten bulbs, and
wherein at least two of the plurality of bulbs have dif-
ferent outer diameters in the expanded state; and

a delivery system comprising a hypotube comprising a

plurality of longitudinally interspersed cut patterns each
comprising a plurality of rows of longitudinally-spaced
kerfs.

6. The device of claim 5, wherein the plurality of bulbs
comprises ten bulbs.

7. The device of claim 5, wherein at least two of the plu-
rality of bulbs have different shapes in the expanded state.

8. The device of claim 5, wherein at least one of the plu-
rality of bulbs has a spherical shape in the expanded state.

9. The device of claim 5, wherein at least one of the plu-
rality of bulbs has a oblong shape in the expanded state.

10. The device of claim 5, wherein longitudinal spacing
between the plurality of bulbs is constant.

11. The device of claim 5, wherein the plurality of wires
comprises shape memory and radiopaque wires.

12. The device of claim 11, wherein the radiopaque wires
are clustered to enhance visibility under x-ray.

13. The device of claim 5, wherein an outer diameter of the
elongate support structure in the collapsed state is less than
about 0.0125 inches.

14. The device of claim 5, wherein each of the rows is
angled with respect to a longitudinal axis of the hypotube.

15. The device of claim 5, wherein the kerfs comprise
rounded edges.

16. The device of claim 5, wherein the plurality of bulbs
comprises five bulbs.

17. The device of claim 5, wherein the plurality of bulbs
comprises six bulbs.

18. The device of claim 5, wherein the outer diameters of
the plurality of bulbs are tapered from a largest outer diameter
of the proximal-most bulb to a smallest outer diameter of a
distal-most bulb.

19. The device of claim 5, wherein the plurality of wires
comprises a first plurality of wires comprising shape-memory
material and a second plurality of wires comprising radio-
paque material.

20. The device of claim 19, wherein at least some of the
second plurality of wires are grouped to form a radiopaque
band under fluoroscopy.
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